The benefit of adjuvant external beam radiation therapy (EBRT) in combination with intravaginal brachytherapy (BT) in stage I and II endometrial adenocarcinoma remains controversial. We evaluated the effect of adjuvant EBRT and combined EBRT ϩ BT on overall survival and relative survival within a large US population database. Methods: We performed an analysis of retrospective data from the Surveillance, Epidemiology, and End Results (SEER) program of the US National Cancer Institute from January 1, 1998 to December 31, 2005. A total of 3395 patients with stages IB, IC, and II node-negative endometrial adenocarcinoma comprised the population. Overall survival (OS) and relative survival (RS) curves were constructed via the Kaplan-Meier method and subgroups were compared via stratified log-rank test within T stage/grade combinations. Cox proportional hazards modeling was performed to evaluate the effect of multiple variables. Results: EBRT alone was used in 2128 patients (62.7%) and 1267 patients (37.3%) received a combination of EBRT ϩ BT. Higher grade, black race, older age at diagnosis, and later year of diagnosis are associated with worse overall survival, while lymphadenectomy is associated statistically with improved survival. The addition of BT revealed no statistically significant effect on OS. Conclusions: This large population-based study revealed no improvement in OS or RS with the addition of BT to EBRT in high risk stage I and stage II endometrial cancer. Although specific patient cohorts may benefit from combined EBRT and BT, additional analysis is warranted to further elucidate optimal treatment strategies for adjuvant radiotherapy based on specific clinical and pathologic features.
E ndometrial cancer is the most common gynecologic malignancy in the United States and the second leading cause of gynecologic cancer mortality. As of 2005, there were approximately 572,626 women with endometrial cancer in the United States. It is expected that 1 in 40 women will develop the disease in her lifetime. 1 The optimal role for adjuvant radiation therapy (RT) in the treatment of this common malignancy remains controversial.
Adjuvant RT is commonly recommended for specific patient subgroups after a total abdominal hysterectomy with bilateral salpingo oophorectomy (TAH/BSO) with the goal of treating residual microscopic locoregional disease in surrounding soft tissues or lymph nodes. Local recurrences remain the most common area of recurrence and the incidence in 1 study was 13.7% after TAH/BSO. 2 The most common site for local recurrences is at the vaginal cuff (at the surgical scar used to close the upper vagina). Even after external beam radiation therapy (EBRT), the vaginal cuff continues to be a site of failure affecting 1% to 3% of patients. 2 The largest patterns of care analysis to date of stage I and II patients from 1988 to 2002 3 shows that the rate of combined EBRT ϩ BT use increases with stage and varies by geographic region. The number of patients receiving combined EBRT ϩ BT has increased since 1994 compared with those receiving EBRT alone. EBRT ϩ BT was given to 27% of stage II patients and was the most common form of adjuvant radiation for that stage group. A more recent survey conducted by the American Brachytherapy Society indicated that combined EBRT ϩ BT had become the most frequently recommended adjuvant treatment by radiation oncologists for stage 1B grade 3 and all higher stages. 4 In stage II patients, combined adjuvant therapy was recommended by 75.6% of respondents.
Despite the popularity of this combined therapy among practitioners, several retrospective studies have failed to show a consistent local control or survival advantage in patients treated with combined EBRT ϩ BT over EBRT alone in stage I and II patients. [5] [6] [7] [8] [9] Direct comparisons are often difficult in these retrospective studies as patients receiving both modes of RT frequently have independent risk factors for local recurrence. Evidence shows that combined EBRT ϩ BT treatment may lead to increased morbidity. [7] [8] [9] Furthermore, a study comparing the cost effectiveness of RT options in surgical stage I endometrial cancer showed combined EBRT ϩ BT to be the least cost-effective form of adjuvant RT for stage I patients. 10 Although RT has been consistently shown to reduce local recurrence in intermediate stage endometrial cancer patients compared with patients not receiving radiation, adjuvant RT has not shown an overall survival (OS) benefit despite 4 phase III trials. Although each showed a significant advantage in reducing local regional recurrences, none of the studies showed an OS benefit. 2, [11] [12] [13] The GOG-99 trial did show an increase in recurrence-free interval and a trend toward improved OS with RT. 12 However, as the manuscript states, the study was not powered to detect a significant survival difference. In the high-intermediate risk group, a 14% improvement in overall survival was seen. In the recently reported ASTEC trial, there was no survival benefit for any subgroup that received EBRT. In this important trial, approximately one-half of patients in both arms of the trial did receive BT. In a large retrospective study including 21,249 stage 1 endometrial cancer patients from the Surveillance, Epidemiology, and End Results (SEER) database, a significant survival advantage was seen in patients with stage 1C grades 1 and 3 of 4. 14 To better assess the potential survival benefit of combined EBRT ϩ BT over EBRT alone in stages I and II endometrial cancer patients post TAH/BSO, we performed a large retrospective analysis using the updated SEER-17 database. We also assessed the role of adjuvant RT on relative survival in patients treated with EBRT alone, EBRT ϩ BT.
MATERIALS AND METHODS
Data were obtained from the SEER program of the United States National Cancer Institute (NCI) using the SEER 17-Registries plus the limited use hurricane Katrina impacted Louisiana cases and the Alaska data set (April 2008 edition). The SEER database is the authoritative source of population-based information on cancer incidence and survival in the United States and is composed of a set of geographically defined, population-based, central cancer registries in the United States. This database contains data from Connecticut, Iowa, New Mexico, Utah, Hawaii, Louisiana, New Jersey, Kentucky, California, Puerto Rico, the metropolitan areas of Detroit and Atlanta, as well as several rural counties of Georgia, several counties in the Seattle, Washington area, American Indians residing in Arizona, and Alaska Native populations residing in Alaska. Twenty-six percent of the US population is represented in the current database. The SEER program is operated by local nonprofit organizations under contract with the NCI. Serial registry data are submitted electronically without personal identifiers (deidentified) to the NCI on a biannual basis and the NCI thereafter makes the data available to the public for research purposes. Because all SEER database information remains deidentified, approval by an ethics committee and informed consent by the study participants were not necessary to perform the analyses.
The analyzed study population included women diagnosed with International Federation of Gynecology and Obstetrics stages IB, IC, IIA, and IIB endometrial adenocarcinoma, who underwent TAH/BSO followed by EBRT or combined EBRT ϩ BT. Histologic classification was based on the International Classification of Diseases for Oncology codes (ICD: 8380). Patients included were those diagnosed between January 1, 1988, and December 31, 2005 and for whom complete data sets were available. The following prognostic factors were included in the analysis: age, race, stage, grade, extent of surgery (whether pelvic or paraaortic lymph nodes were sampled in addition to TAH/BSO), and whether postoperative adjuvant RT was administered. Sampling of pelvic and/or paraaortic lymph nodes at the time of TAH/BSO was designated as surgical lymph node examination. Information on race was used as entered in the SEER database (self-determined). This information was analyzed to evaluate known differences in prognosis according to race. The following were causes for patient exclusion from the analysis: clinical or pathologic lymph node involvement (N1 disease), distant spread (M1 disease), other primary malignancies, surgery did not include TAH-BSO, preoperative RT, lack of pathologic staging, and cases with missing variables. All participants in the SEER program routinely link patient files with vital records (ie, death certificates) in their respective areas of coverage to identify patients with cancer who have died (regardless of cause of death); therefore, death certificates are the source for information regarding underlying cause of death as recorded in the SEER program database. The National Center for Health Statistics conducts routine reviews of death certificates to ensure quality of data.
Cox proportional hazards regression was the main modeling tool used. The considered predictors were RT (external beam or combination), stage, grade, age at diagnosis, year of diagnosis, race, and whether lymph node surgery was performed at the time of TAH/BSO. The functional form of the continuous variables (age and year of diagnosis) was estimated using martingale residuals plotted against the covariate. A linear form was found to be appropriate for both variables. Preliminary investigations showed lack of proportionality for the effect of grade. The model was stratified by grade to remove the proportional hazards assumption for it; subsequently a global test of proportionality showed no evidence of nonproportionality ( 2 ͓6͔ ϭ 5.8, P ϭ 0.45). For the initial model, all main effects and all 2-way interactions (including interactions with grade) were included. A global test of interactions was not significant ( 2 ͓42͔ ϭ 50.6, P ϭ 0.17), thus all the interactions were removed for the final model.
Relative survival curves were also calculated. These measure the survival with respect to a population unaffected by endometrial cancer. This analysis adjusts for the fact that people of different ages and races have different overall survival experience even without the disease. The modeling strategy was similar to that for overall survival. The expected survival for each patient was obtained matched by age, year, and race (for this analysis, only patients whose race could be classified as black or white were used). An offset term quantifying the log of the expected hazard was added to the Cox model--this approach provides proportional hazards regression for relative survival. The results are similar to those for overall survival. After stratifying by grade, the proportional hazards assumption was reasonable for all covariates ( 2 ͓6͔ ϭ 10.1, P ϭ 0.12). None of the 2-way interactions were significant ( 2 ͓34͔ ϭ 44.9, P ϭ 0.10).
RESULTS
A total of 3395 women were included in our analysis. The mean age at diagnosis was 63.0 years. EBRT alone was used in 2128 patients (62.7%) and 1267 (37.3%) received a combination of EBRT ϩ BT. The frequency of EBRT versus EBRT ϩ BT use by stage, grade, race, lymphadenectomy, age at diagnosis, and year of diagnosis is shown in Table 1 . Balance was seen between the 2 groups for the frequency of lymphadenectomy and race, while imbalance between the 2 adjuvant strategies was seen for stage, grade, age of diagnosis and year of diagnosis. The median follow-up for the entire cohort was 39 months (range: 1-211). Figure 1 shows Kaplan-Meier survival curves for OS within each treatment group compared via stratified log-rank test within each stage/grade combination. No significant differences were seen in any of the stage/grade classification survival curves between EBRT and EBRT ϩ BT. The overall 5 year survivals for EBRT and Figure 2 illustrates the estimated relative survival for treatment groups within each stage/grade combination. Survival can go above or below 1 as the selected population could have better or worse survival than the overall reference population (the reference population has a relative survival defined as 1). As expected, patients in this analysis generally had a worse survival than the overall United States population, and prognosis worsened with increased stage and grade.
Cox proportional hazards regression modeling was performed to assess the impact of independent variables on overall survival and relative survival and to diminish the effect of confounding factors. Higher grade, black race, older age at diagnosis, and later year of diagnosis are associated with a statistically significant decrease in overall survival, while lymphadenectomy is associated with statis-tically significant improvement in overall survival. The addition of brachytherapy did not have a statistically significant effect on OS ( Table 2) .
For relative survival, higher grade and later year of diagnosis correlated with a statistically significant decrease in relative survival, while lymphadenectomy, was associated with statistically significant improvement in relative survival. Neither the addition of brachytherapy, nor black race has a significant effect on relative survival (Table 3 ).
DISCUSSION
The present study was not able to detect a survival difference in patients who received additional BT with EBRT for intermediatehigh risk stage I and stage II endometrial cancer patients compared with those who received EBRT alone. This finding is consistent with previous studies comparing these treatment options. Table 4 contains a literature summary of selected articles comparing survival and recurrence data in stage I and II patients receiving EBRT or EBRT ϩ RT. Out of 6 studies which directly compare survival or local recurrence rates among these 2 treatment options, no significant difference was observed. [5] [6] [7] [8] [9] 15 This study is the largest retrospective analysis comparing EBRT ϩ BT to EBRT. It is also unique in that comparisons are made within specific stage/grade combinations. This study also includes a higher-risk population than the majority of the previous studies. We purposely focused on the survival impact of the addition of BT to EBRT. We have previously described a survival benefit for adjuvant RT in the SEER data for stage IC, grade 1 and grade 3 to 4 compared with no further treatment. 14 With an updated version of the SEER registry, we have corroborated and expanded our previous findings. The updated analysis now includes 6 additional registries and 4 additional years of data acquisition than the version available to Lee et al. 14 A statistically significant improvement in overall survival was seen in the cohort receiving adjuvant RT in all grades of stage IC, as well as stage II grade 2 compared with those receiving no further treatment (P Ͻ 0.001-0.041, data not shown).
Although, given proper technique, the overall incidence of severe late toxicity is low, the addition of BT to EBRT may result in an increased incidence of injuries to the rectum and bladder as well as a variety of vaginal complications such as adhesions, necrosis, stenosis, and vesicovaginal fistulae. Irwin et al saw late radiation complications in 25% of patients treated with combined EBRT ϩ BT compared with 12% of those in the EBRT only group (P ϭ 0.014). 7 Randall et al observed an increase in late complications including rectal bleeding/proctitis in 18.6% of patients treated with combined therapies as opposed to 3.8% of EBRT only patients (P ϭ 0.01). Randall et al also noted an overall trend for increased grade 2 complications (P ϭ 0.09). 9 Greven et al, likewise saw a trend toward more vaginal and small bowel complications with the addition of BT to EBRT. 6 These side effects occur more frequently when BT is combined with EBRT than when BT is administered alone. 17 Lachance et al compared the cost effectiveness of adjuvant therapies in treatment of stage 1 endometrial carcinoma. 10 Cost data are obtained and compared with complication and recurrence rates for treatment options including BT, EBRT, EBRT ϩ BT, or observation. They show that EBRT ϩ BT treatment results in fewer survivors and/or greater costs when compared with EBRT alone or observation.
The current available evidence does not suggest a survival, quality of life, or financial advantage to the use of EBRT ϩ BT over EBRT alone in early-stage patients. Consequently, clinical judgment is required when recommending this treatment. A recent survey of radiation oncologists found EBRT ϩ BT was recommended by 16.6% of respondents for stage 1A grade 3, 39.9% for stage 1B grade 3, and 61.3% for stage 1C grade 3 endometrial carcinoma. 4 No other adjuvant treatment option was more recommended for stage 1B grade 3 or higher stages. The percentage of patients who actually receive combined treatment after TAH/BSO is much lower. A SEER database analysis shows that from 1988 to 2002, among stage I and II patients, the highest rate of EBRT ϩ BT use was in stage II grade 2 at a rate of 30%, with rates increasing since 1994 compared with EBRT alone. 3 Although not addressed in our analysis, it is important to consider BT alone as a treatment option that may provide a similar benefit to EBRT or EBRT ϩ BT with less side effects and less financial burden. Lachance et al show BT alone to be the only cost effective adjuvant treatment choice for stage 1 patients. Several nonrandomized retrospective case studies have shown BT alone to have high rates of survival and local control with few side effects in appropriately selected low and intermediate risk stage I and II patients. 18 -21 The PORTEC-2 trial tested if vaginal brachytherapy could replace EBRT while providing equal local control and similar quality of life. 22 The study included patients with stage IB grade 3, IC grade 2 to 3, and 2A. No difference was observed in vaginal recurrence rate, cause specific survival, or overall survival between treatment groups; however, there was a greater risk for pelvic nodal recurrence in the brachytherapy group which did not translate to a survival decrement. There was also a significant quality-of-life advantage to patients receiving brachytherapy with a decreased incidence of activity-limiting diarrhea and decreased skin reaction.
Several limitations of this US population-based study must be considered. Specific clinical and pathologic data of prognostic significance are not readily available, including information regarding lymphovascular invasion, precise depth of myometrial invasion, lower uterine segment involvement, tumor size, positive surgical margins, or the specifics of RT, such as radiation dose, field sizes, BR applicator type, whether high-dose-rate or low-dose-rate BT was used, and compliance with therapy. Therefore, we were unable to adjust for these factors in these analyses. Results of this study reveal no difference in survival between the EBRT and EBRT ϩ BT groups, but this does not prove that certain subgroups within these stage/grade cohorts would not benefit from the combined therapy. We agree with the ASTEC investigators that the testing of specific therapeutic modalities is best accomplished by phase III randomized trials. The SEER database does not record history of treatment failure (whether local-regional or distant spread) or time of relapse. The lack of these data prevents a SEER population analyses from containing an event-free survival component. In addition, the SEER database does not adequately record quality-of-life information, and we are unable to assess the possible increase in radiation side effects for different treatment regimens. Individual data on socioeconomic status were not analyzed in this study and may play a role in patient outcomes. Also, the analysis of stage II patients was not stratified to differentiate stage IIA from IIB as 31% of stage II patients were reported in SEER as stage II NOS. Nevertheless, multiple articles have failed to show a difference in prognosis between substages IIA and IIB. 6, 16, [23] [24] [25] The use of adjuvant radiation in early-stage endometrial cancer remains controversial and further studies will help define its optimal role. In this analysis of 3395 patients with high-risk stage I and stage II endometrial cancer, we did not observe a benefit in overall or relative survival for the addition of BT to EBRT. Physicians should select treatment options, which maximize survival and quality of life while minimizing cost.
